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(Vehicle Routing Problem, VRP)
2
2.1
$\bullet$ : $\mathcal{V}=\{0\}\cup \mathcal{V}_{1}\cup\cdots\cup \mathcal{V}_{\ell}$ $0$ ” (depot)
1
$\bullet$ : $\mathcal{V}_{i}(i=1,2, \ldots, \ell)$ $i\succ j$
$i$ $j$
$\bullet$ : $i$ $w_{i}$
( ) w
20












$\bullet$ $V=\{0,1, \ldots, N\}$ $0$” (depot)
$\bullet$ $\mathcal{K}=\{1,2, \ldots, M\}$
$\bullet$ $V$ : $(i, j)$
$k$ 3 $(i, j, k)$
$\mathcal{P}’:=\{(i,j)|i\succ j, i,j\in V\}\cross \mathcal{K}$ ,
$\mathcal{P}’’:=\{(i,j, k)|i\succ_{k}j, i, j\in V, k\in \mathcal{K}\}$,
$\mathcal{P}:=\mathcal{P}’\cup \mathcal{P}’’$ .
$i\succ_{k}j$ $k$ $i$ $j$
$\bullet$ $d_{ij}$ : $i$ $j$
$\bullet$
$w_{i}$ : $i$
$\bullet$ $x_{ij}^{k}$ : $k$ $(i,j)$ 1, $0$ 0-1
$\bullet$ $y_{i}^{k}$ : $k$ $i$ 1, $0$ 0-1
$\bullet$ $s_{i}^{k}$ : $k$ $i$ $y_{i}^{k}=1$




subject to $t_{i}+d_{i0}\leq\tau$ , $\forall i\in V\backslash \{0\}$ , (lb)
$y_{i}^{k}= \sum_{j\in \mathcal{V}}x_{ij}^{k}$
, $\forall i\in V,$ $\forall k\in \mathcal{K}$ , (lc)
$y_{j}^{k}= \sum_{i\in \mathcal{V}}x_{ij}^{k}$
, $\forall j\in V,$ $\forall k\in \mathcal{K}$ , (ld)
$x_{ij}^{k}(t_{i}+d_{ij})\leq s_{j}^{k}$ , $\forall i,$ $\forall j\in \mathcal{V},$ $\forall k\in \mathcal{K}$ , (le)
$t_{i}\leq s_{j}^{k}$ , $\forall(i, j, k)\in \mathcal{P}$ , (lf)
$\sum_{k\in \mathcal{K}}(t_{i}-s_{i}^{k})y_{i}^{k}=w_{i}$ , $\forall i\in \mathcal{V}\backslash \{0\}$ , $(lg)$
$20y_{i}^{k}( \sum_{g\in \mathcal{K}}y_{i}^{g}-1)\leq t_{i}-s_{i}^{k}$ , $\forall i\in V\backslash \{0\},$ $\forall k\in \mathcal{K}$ , (lh)
$x_{ij}^{k}\in\{0,1\}$ , $\forall i,$ $\forall j\in \mathcal{V},$ $\forall k\in \mathcal{K}$ , (li)
$y_{i}^{k}\in\{0,1\}$ , $\forall i\in V,$ $\forall k\in \mathcal{K}$ , (lj)
$0\leq s_{i}^{k}<\infty$ , $\forall i\in V,$ $\forall k\in \mathcal{K}$ , (lk)












(le), (lg), (lh) “Big $M$” MIP
(Mixed Integer Programming Problem:MIP )
Big $M$ TSP
1

























$\bullet$ Step $0$ . : $V\backslash \{0\}=S_{1}\cup\cdots\cup S_{M}$ .
$\bullet$ Step $n$ .
$\max_{k}t(\{0\}\cup S_{k})$ $S_{i}$ $S_{j}$ 1 $S_{i}$ $S_{j}$ 2


















1, 2, . . . , $M$ $\mathfrak{S}_{M}$ $\mathfrak{S}_{M}^{(k)}(\subset \mathfrak{S}_{M})$ $k$
$\mathcal{X}:=\prod_{k\in \mathcal{K}}\mathfrak{S}_{M}^{(k)}$
$x\in \mathcal{X}$ $M$ $N$ 1
$x\in \mathcal{X}$
$x=(\begin{array}{l}\sigma_{1}\sigma_{2}\end{array})=(\begin{array}{llll}\sigma_{1}(1) \sigma_{1}(2) \cdots \sigma_{1}(9)\sigma_{2}(1) \sigma_{2}(2) \cdots \sigma_{2}(9)\end{array})=(\begin{array}{lllllllll}1 2 3 5 7 6 8 9 43 7 5 6 8 4 9 1 2\end{array})$ (2)
2 $5\succ 6,7\succ 9$ 5 6
7 9 $k$ $k$


























$\mathcal{N}$ : $\mathcal{X}arrow 2^{\mathcal{X}}$ $x$ intra-swap
$\mathcal{N}(x):=\bigcup_{k\in \mathcal{K}}${ $(\sigma_{-k},$ $\sigma_{k}’)|\sigma_{k}’$ $\sigma_{k}$ 1 $\sigma_{k}’\in \mathfrak{S}_{M}^{(k)}$ },
$x=(\sigma_{1}, \sigma_{2}, \ldots, \sigma_{M})\in \mathcal{X}$ .




$\sigma_{k}\in \mathfrak{S}_{M}^{(k)})$ $x=(\sigma_{1}, \sigma_{2}, \ldots, \sigma_{M})$
intra-swap
$(\begin{array}{llllllll}O\iota \copyright 3 \copyright 67 \copyright \copyright 4\copyright \underline{\copyright}5 \copyright \copyright\underline{\copyright}9 1 2\end{array})$
$OG$
A
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